Microbial quality and physicochemical indices of an Imo river, Nigeria, receiving industrial pollutants were investigated during the periods of July 2007 and March 2009.Results show that mean counts for THB and THF of the river system were higher in the wet season than in the dry season. THB showed mean bacterial counts of 2.60x10 2 ±0.058 cfu/ml and 1.60x10 2 ±0.024 cfu/ml for wet and dry seasons respectively while THF had 6.0x10 1 ±0.029 cfu/ml for wet season and 3.0x10 1 ±0.16 cfu/ml for dry season. The mean HUB populations were 1.80x10 2 ±0.048 cfu/ml and 0.90x10 2 ±0.21 cfu/ml for wet and dry seasons respectively while HUF had similar microbial counts in both seasons. The physico-chemical characteristics show that the water body was highly turbid with values ranging between 154.5±14.3 and 58.5±11.2 NTU for the wet and dry seasons respectively. Other parameters such as TDS, total alkalinity, conductivity, free carbon and sulphate showed similar patterns of variation with low values for pH. The influence of physicochemical parameters on the microbial abundance showed that at P≤0.05, only Total Hydrocarbon, Conductivity and Nitrate correlated positively with HUF and did not show correlation for other microbial groups. Apart from the HUB, and HUF the highest counts also observed for THB and THF confirm that hydrocarbon pollution do not only enrich hydrocarbon utilizers but also for additional populations that utilize the byproducts as sources of nutrients.
INTRODUCTION
A number of oil and gas industries litter the Niger Delta region. These industries discharge their partially treated or untreated effluents into the river thereby causing contamination of water supplies from the various industrial processes (Ogbonna et al., 2004; Otekunofor and Obiukwu, 2005) . Runoff from these industries could also negatively affect the water quality in the region. Due to the ineffectiveness of purification systems, wastewaters may become seriously dangerous leading to the accumulation of toxic products in the receiving water bodies with potentially serious consequences on the ecosystems (Beg et al., 2001; . Some of the consequences of the man made pollution are transmission of diseases, eutrophication of natural water bodies, accumulation of toxic or recalcitrant chemicals and destabilization of ecological balance and negative effects on human health (McLaughlin and Mineau, 1995; Bridges et al., 2000; Boadi and Kuitunen, 2003; Amisu et al., 2003) .
The affected water body in this study serves as a source of drinking water and recreation for the neighbouring communities and it is therefore presumed that such water must meet drinking water standards (Fonseca et al., 2000) and potable water is one that does not contain chemical substances or microorganisms in amounts that could cause hazard to health ( Alonge, 1991) . Also improper management practices have largely being responsible for the gross pollution of the aquatic environment with concomitant increase in water borne diseases especially typhoid, diarrhoea and dysentery (Osibanjo and Adie, 2007) .
Bacteriological examination of water is therefore a powerful and foremost tool in order to foreclose the presence of microorganisms that might constitute a health hazard (Bonde, 1977) . Microorganisms commonly used as indicators of water quality include Coliforms, faecal streptococci, Clostridium perfringes, and Pseudomonas aeroginosa (Bonde, 1977; Alonge, 1991; Adesemoye et al., 2006) . Therefore, the physicochemical and microbiological analyses of surface and groundwater are important towards a meaningful impact assessment of domestic and industrial activities on these water bodies (Amund and Odubella, 1991) . This study therefore presents the findings of a water body in the Niger Delta region where crude oil has been explored and exploited since 1956. While this natural resource has contributed immensely to the economy of the nation, the concomitant environmental degradation arising from its operations has also created immense stress on this large and ecologically sensitive region (Okpokwasili and Amanchukwu, 1988) .
Study Area
Etche, a subsistent agrarian ethnic nation in Rivers State is located within the eastern flank of the Niger Delta of Nigeria, between longitude 06º 05' and 07º 14' N and latitude 05º 08' and 04º 45' E (Fig. 1) . The climate of the area is typical of the tropical rainforest; with rainfall between 160-236cm annually. Wet season usually last for 9 months (March-November) with short dry season from December-February. Temperature ranges between 24ºC and 38ºC, with high humidities of up to 90% during the wet season.
The Imo River which rises from Okigwe/Awka uplands in neighbouring Imo State is freshwater and the main surface water system in the study area. In Rivers State, the river courses through Etche, Oyigbo, Khana and Andoni Local Government Areas (LGAs), and then empties independently into the Atlantic Ocean. Sampling Stations: Seven sampling points were established along the course of the river covering a distance of approximately 5km. Sampling point 1 was located upstream at Akwa community, while the other sampling points were located in SPDC areas of operation having open gas flares. Point 2 was located at Odogwa community, about 2Km from point 1. Points 2, 3 and 4 were located about 1Km apart all in Odogwa community. Sampling points 5, 6 and 7 were located about 1Km apart in Umuebulu community (Fig. 1) .
Collection of Samples/Physico-chemical analysis:
Samples were collected for 24 months covering two dry seasons and two wet seasons between July 2007 and March 2009. One litre sterilized containers were used to collect water samples for physicochemical parameters at each station. All the containers were kept in ice-chest box for laboratory analyses. Most physico-chemical parameters were measured insitu and in the laboratory according to standard methods (APHA, 1998) . At each sampling station, temperature, pH and dissolved oxygen were measured insitu using mercury-in-glass thermometer (in Celsius), pH-EC-TDS meter model Hanna H1 9812, Secchi disc (20cm diameter and Winkler's method. Biological water samples for oxygen demand were incubated for 5days in the dark at room temperature. Then the Winkler's method (APHA, 1998) was used in determining the amount of dissolved oxygen present. Conductivity and turbidity were measured in the laboratory using conductivity meter Horiba-U10 umm. Alkalinity and Total Dissolves Solids were determined titrimetrically following standard methods (APHA, 1998).
Microbiological analysis:
A measure of 10ml of water sample was diluted in 90ml of sterile distilled water, followed by serial dilution. Then, the serial diluents were aseptically inoculated onto different plates of melted sterile medium after cooling to 45 0 C and glass spreader was used to spread the inoculum. Subculturing was done until distinct colonies (pure cultures) were obtained. Total heterotrophic bacteria (THB) were enumerated with nutrient agar (NA) (Oxoid) while total heterotrophic fungi (THF) were enumerated with potato dextrose agar (PDA). The modified mineral salt agar (MS) was used to isolate the hydrocarbon utilizing fungi (HUF) while the unmodified MS agar was used to isolate the hydrocarbon utilizing bacteria (HUB), using the vapour phase transfer method of Thijsse and vander Linden (1961) as modified by Okpokwasili and Amanchukwu (1988) . Biochemical characterization and identification of the HUB and HUF were conducted using keys provided in the Bergey's Manual of Determinative Bacteriology (1993) and Mills et al., (1978) respectively.
RESULTS

Seasonal variation in Microbial counts:
Microbial counts were used for the assessment of bacterioplankton groups for bacteria and fungi. The order of abundance of these groups was Total Heterotrophic Bacteria> Hydrocarbon Utilizing Bacteria>Total Heterotrophic Fungi> Hydrocarbon Utilizing Fungi.
The mean total microbial counts from the various sampling points showed that THB and HUB counts dominated the wet season than the dry season (Figs 1, 2)while more counts for THF were observed in the wet season than the dry seasons (Fig 3) and HUF counts were similar in both seasons (Fig 4, Table 1 ). In the wet season, THB counts ranged from 2.30 x 10 2 to 2.80 x 10 2 cfu/ml across the sampling points, with a mean count of 2.6 x 10 2  0.058 and in the dry season, it ranged from 1.50 x 10 2 to 1.70 x 10 2 cfu/ml, with a mean count of 1.6 x 10 2  0.024. In the wet season, THF counts ranged from 5.0 x 10 1 to 7.5 x 10 1 cfu/ml, with a mean count of 6.0 x 10 1  0.29, and in the dry season, it ranged from 2.5 x 10 1 to 3.6 x 10 1 cfu/ml, with a mean count of 3.0 x 10 1 cfu/ml  0.16. In the wet season, the HUB counts ranged from 1.60 x 10 2 to 1.95 x 10 2 , with a mean count of 1.8 x 10 2  0.048, while in the dry season it ranged from 8.5 x 10 1 to 1.00 x 10 2 cfu/ml, with a mean count of 9.0 x10 1 cfu/ml  0.21. In the wet season, the HUF counts ranged from 2.7 x 10 1 to 3.5 x 10 1 cfu/ml, with a mean count of 3.0 x 10 1 cfu/ml  0.10, and in the dry season, it ranged from 2.0 x 10 1 to 3.5 x 10 1 cfu/ml, again, with a mean count of 3.0 x 10 1 cfu/ml  0.21. Apart from the HUF, other microbial groups identified during the study period showed marked seasonal differences in abundance ( 
Spatial variation in Microbial Abundance:
Variation in microbial counts revealed that the highest numbers in colony forming units per millilitres (cfu/ml) were recorded in site 7 (3.00 X 10 1 -2.80 X 10 2 cfu/ml) and the least was in site 1 (2.00 X 10 1 -2.30 X 10 2 cfu/ml); with a steady increase in counts from site 1 to 7. Table 2 reveals that there was marked intersampling stations variation in microbial abundance during the study period. THB abundance patterns were similar in sites 1 and 4, 2 and 3, and 5 to 7, while THF abundance patterns were similar in sites 1 and 4, and 5 to 6 only. HUB abundance patterns were only similar in sites 6 and 7 and 2 and 3, while HUF abundance patterns were similar in all the sampling points.
Physicochemical characteristics and Microbial
Abundance: The influence of the physicochemical parameters on microbial abundance during the study period is presented in Table 3 . At P<0.05, only THC, conductivity and nitrate correlated positively with HUF (r=0.633, 0.593 and 0.623 respectively). However, the other physicochemical parameters did not show correlation with the microbial groups identified.
Physicochemical characteristics:
The physicochemical characteristics of the water body were investigated to determine the level of contaminants. The concentration of the significant pollutants is shown in table 4. The river system was highly turbid and showed much higher values during the wet season than the dry season. The values for the turbidity ranged between 154.5 ±14.3 and 58.5 ±11.2 NTU for wet and dry seasons respectively. Other parameters including TDS, Total Alkalinity, Conductivity, Free Carbon (iv) oxide and Sulphate showed similar patterns of variations, with low values observed for pH. P oi nt 1 P oi nt 2 P oi nt 3 P oi nt 4 P oi nt 5 P oi nt 6 P oi nt 7
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DISCUSSION
The total heterotrophic bacteria and fungi (THB and THF) of the river system revealed higher counts in the wet season than dry season. This may be due to the more favourable physicochemical conditions such as DO and the nutrients (NO 3 -, PO 4 2-, SO 4 2-), pH and temperature contributed by allochthonous materials from the catchment areas of the river during the season. The increase in the bacterial population is attributed to the stimulatory effect of additional carbon and energy sources in the form of crude oil which leads to an enrichment of the oil degrading microbial population. Eze (2005) also observed similar trend in inland water in Port Harcourt. More hydrocarbon utilizing bacteria (HUB) counts were recorded in the dry season than the wet season. This result was in tandem with the higher concentrations of THC recorded in the river during the same season, confirming that these organisms require hydrocarbons as their sole source of energy (Nnubia and Okpokwasili, 1992; Odokuma and Okpokwasili, 1993) . Bacteria play a major role in hydrocarbon degradation in aquatic environments. The presence of these hydrocarbon degraders in the river might result in co-oxidation, commensalitic, or complimentary degradation of the hydrocarbons in the aquatic ecosystem (Perry, 1979; Okpokwasili and Nnubia, 1995) . However, the hydrocarbonoclastic fungi (HUF) counts did not change between both seasons. This could be attributed to the toxic effects of hydrocarbons on organisms which at certain concentrations could also be either inhibitory (bacteriostatic) or stimulatory in different conditions (Benka-Coker, 1989; Okpokwasili and Odokuma, 1994; Okpokwasili and Nnubia, 1995; .Although some hydrocarbon organisms are known to contain plasmids with the relevant genes for the degradation of different hydrocarbons (Jawetz et al., 1991; Francundo et al., 2001) . The hydrocarbon utilizers as well as other bacterial and fungal counts made in this study were generally lower in density per ml of water than those of Eze (2005) , but were similar to those reported from various Niger Delta aquatic systems (Chikere and Okpokwasili, 2001; 2002; . However,the species of HUF identified were Aspergillus, Mucor, Rhizopus, and Cladosporium while the HUB include Bacillus, Pseudomonas, Escherichia, Micrococcus, and Serratia; which are common inhabitants of the Niger Delta area (Eze, 2005; Okpokwasili and Amanchukwu, 1988) . The observed spatial variation in microbial density indicates some degree of microhabitat associated with the sampling points. This observation could be attributed to the trophic relationships that may exist between the microbial groups and other zooplankton grazers in the water column (Wikipedia, 2008) on one hand, and also due to the concentration of petroleum hydrocarbons.
Seasonal variations were observed in the concentrations of various water quality parameters, including those whose concentrations were related or unrelated to petroleum effluent discharge. While most of the parameters showed higher concentrations during the rainy season when water volume is increased to its maximum, phosphate and nitrate which is components of agricultural fertilizers commonly used by farmers in the Niger Delta, showed reduced concentration. Phosphate level in the receiving water body has been associated with the oil operations because of the changes in concentration during the rainy season which suggests an additional source of nutrients in the water body. However, higher turbidity values were attributed to periods of higher runoff, flooding and erosion. Additionally, ongoing sand dredging /mining activities of the River Niger as well as the lotic distribution of suspended contributed to the overall turbidity of the river (Dejen et al., 2004; Eze, 2005; Tamuno, 2005) . This also conforms to the works of Sikoki and Zabbey (2006) and Zabbey et al (2008) on the same river.
This study has shown that industrial effluents discharged into Imo River resulted in the presence of high concentrations of pollutants in the water body. The toxicants have been shown to be present in concentrations which may be toxic individually to different aquatic organisms. Pollution of the aquatic ecosystem poses a serious threat to aquatic organisms and ultimately the entire ecosystem. However, the complex combination of toxic substances that are simultaneously present in hydrocarbons may act synergistically and therefore impose a higher toxicity burden on the ecosystem than may be predicted in laboratory studies on individual toxicants (Mizell and Romig, 1977; Otokunefor and Obiuku, 2005) . Also, continued discharge of improperly treated effluent may further compound the worsening environmental problem of the Imo River and cause ecological imbalance of the Niger Delta basin.
